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A B S T R A C T

Purpose
To identify risk factors associated with outcome in children with metastatic rhabdomyosarcoma in

a large cohort of patients

Patients and Methods
Pooled data were obtained from 788 patients treated in nine studies performed by European and

American cooperative groups. Clinical factors, including age, histology, site of primary, and site(s)
and number of sites of metastatic disease, were correlated with event-free survival (EFS) and
overall survival (OS).

Results

Seven hundred eighty-eight patients were eligible for analysis. The 3-year OS and EFS were 34% (SE,
1.7) and 27% (SE, 1.6), respectively. By univariate analysis, 3-year EFS was significantly and adversely
influenced by age, alveolar histology, location of primary tumor in unfavorable site (defined as extremity
and “other” sites), presence of three or more sites of metastatic disease, and the presence of bone or
bone marrow involvement. By multivariate analysis, EFS was strongly correlated to all factors except
histology. Relative risks were 1.6 for age younger than 1 year or at least 10 years, 1.4 for unfavorable
site of primary tumor, 1.4 for bone or bone marrow involvement, 1.4 for three or more metastatic sites.
EFS was 50% for patients without any of these four adverse factors and was respectively 42%, 18%,
12%, and 5% in patients with one, two, three, or four factors (P < .0001).

Conclusion
This analysis identified subsets of patients with metastatic rhabdomyosaroma with different

outcomes to current therapy and offers a strategy to define patient candidates for experimental
approaches to treatment.

J Clin Oncol 26:2384-2389. © 2008 by American Society of Clinical Oncology

large enough to undertake robust evaluation of
prognostic factors. During the last 20 years, collabo-

Rhabdomyosarcoma (RMS) is the most common
soft tissue sarcoma in childhood. During the last 30
years, the introduction of multimodal therapy has
resulted in a significant improvement in survival,
with a cure rate of approximately 70% for patients
with localized disease.' Unfortunately, atleast 15%
of children with RMS present with metastatic (Inter-
group Rhabdomyosarcoma Study [IRS] Group IV)
disease, and their prognosis has not improved signif-
icantly in the last 15 years. Despite the development
of more intensive therapies, the overall cure rate
remains below 30%.>* "' However, data from sev-
eral studies have suggested that clinical outcomes for
children with metastatic RMS are not uniformly
poor,>”'%!2 but because of the rarity of these pa-
tients, most of these studies were not sufficiently
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ration among the international research groups
treating children with RMS has increased and sev-
eral pooled analyses were conducted, increasing the
knowledge about RMS at specific sites.'>'* The
same groups therefore pooled their data again to
analyze prognostic factors in a large cohort of chil-
dren with metastatic RMS.

Patient Population

Analyses were performed on data derived from
nine studies from three international cooperative
groups: Intergroup Rhabdomyosarcoma Study Group
(IRS-III, IRS-IV-Pilot, IRS-IV, IRS-V, IRS-D9501),
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Italian Group (RMS4.99), International Society of Pediatric Oncology
(SIOP) MMT Group (SIOP-MMT84, SIOP-MMT98), and European In-
tergroup (MMT89-91). The overall study population consisted of 788
children with metastatic RMS treated between 1984 and 2000. Patients
with isolated regional lymph node involvement were not considered to
have metastatic disease for the purpose of this analysis.

All patients had received histologic confirmation of tumor. Given
that arrangements for central pathology review had existed within each
collaborative group, diagnoses were not specifically re-reviewed for this
analysis. All patients received conventional multiagent chemotherapy built
on a backbone of alkylating agents (cyclophosphamide or ifosfamide),
vincristine, and dactinomycin. Some patients received other drugs, de-
pending on the research group and specific protocol. In all studies, local
therapy (surgical resection and/or radiotherapy) was delivered between 3
and 5 months after the beginning of chemotherapy.

IRS Group Studies

In the IRS-III study (117 patients), children were randomly assigned to
receive one of the following three combinations: vincristine, dactinomycin and
cyclophosphamide (VAC); VAC with addition of doxorubicin and cisplatin;
or VAC with addition of doxorubicin, cisplatin, and etoposide.1

In the IRS-IV pilot study, 112 patients received an up-front window of
ifosfamide plus doxorubicin, followed by VAC.'"! In the main IRS-IV study,
107 patients were randomly assigned to one of two up-front phase IT window
chemotherapy combinations: melphalan and vincristine, or ifosfamide and
etoposide. This window phase was followed by VAC chemotherapy.* Up-front
phase II window studies were also used for IRS-V (38 children received topo-
tecan alone) and D9501 (37 children received topotecan plus cyclophospha-
mide). All patients in the up-front window studies were evaluated for response
after 6 weeks. Those who had no response or progressive disease proceeded to
VAC alone, whereas those who had complete or partial response received a
VAC regimen that incorporated the relevant window agent(s).'>"”

SIOP-MMT Group Studies

Patients in the SIOP-84 study (n = 30) received chemotherapy consist-
ing ofifosfamide, vincristine, and dactinomycin followed by second-line chem-
otherapy with doxorubicin and cisplatin if patients experienced partial
response or progressive disease.'®

Patients in the SIOP-MMT98 study (n = 127) were stratified into two
groups. Standard-risk patients (defined as age << 10 years, with no bone or
bone marrow involvement) received a 6 drug regimen of carboplatin, epiru-
bicin, vincristine, ifosfamide, and etoposide (CEVAIE) for 27 weeks, but
high-risk patients (defined as those age > 10 years or bone or bone marrow
involvement) were entered onto a phase II window study with either carbo-
platin or doxorubincin before proceeding to a high-dose sequential mono-
therapy schedule incorporating cyclophosphamide, etoposide, and
carboplatin, with autologous stem-cell rescue. All patients received local
therapy as appropriate and then continued with a low-dose VAC mainte-
nance chemotherapy.'’

Italian Group RMS4-99 Study

Patients (n = 46) received three cycles (nine courses) of CEVAIE with
local therapy followed by four high-dose drug combinations (cyclophospha-
mide/etoposide, thiotepa/melphalan, cyclophosphamide/thiotepa, melpha-
lan) with stem-cell support, followed by six VAC maintenance cycles.?’

European Intergroup MMT89-91 Studies

The European Intergroup conducted two consecutive studies. From
1989 to 1991, 57 patients from SIOP and Italian groups were treated with four
cycles (12 courses) of CEVAIE. Local therapy was delivered as appropriate after
maximum response, usually after two cycles of treatment. From 1991 to 1995,
117 patients were included in the second study. The subset of patients achiev-
ing complete remission after three cycles (nine courses) of CEVAIE received
consolidation with a single course of high-dose melphalan with autologous
stem-cell support.®'?

WWW.jco.org

Statistical Analysis

Statistical analyses were performed at the Institut Gustave Roussy (Ville-
juif, France) using a general database management system. Survival curves
were calculated by Kaplan-Meier method. Survival was calculated from the
date of the start of treatment to the time of the last follow-up or death.
Event-free survival (EFS) was calculated from the date of the start of treatment
to the date of the first event, defined as tumor progression, relapse, or death as
a result of any cause.

Pretreatment patient characteristics published as prognostic fac-
tors™' 122! were evaluated with univariate analysis using the Kaplan-Meier
method?? to calculate survival probabilities for EFS and overall survival (OS) at
3 years. Survival differences were compared using the log-rank test.>> Associ-
ations among variables were assessed with the x* test. To determine the
independent prognostic significance of pretreatment factors on EFS, multivar-
iate analysis was conducted using the Cox proportional hazards regression
method.** The variables correlated with EFS in univariate analysis were in-
cluded in the model. A prognostic score was devised using the factors identified
as prognostically significant for EFS by multivariate analysis. All calculations
were performed with SAS software version 8.2 (2001; SAS Institute, Cary, NC).
The date of analysis was September 2006, providing a minimum of 4 years
from the date of study entry for the last patient included in the analysis.

Patient Characteristics

The characteristics of the 788 patients included in the analysis are
listed in Table 1. Median age at diagnosis was 8 years (range, 4 months
to 20 years). Twenty patients were age younger than 1 year, 422 were 1
to 9 years, and 346 were 10 years or older.

The most common site of metastasis was the lung (47%), and in
145 patients (18%), this was the only metastatic site. The second most
common site of metastasis was bone marrow (38%). Other metastatic
sites were bone (34%) and distant nodes (26%). Bone marrow in-
volvement and bone metastases were strongly correlated.

Median follow-up of survivors was 78 months, with a range of 4
months to 17.9 years. Estimated 3-year OS and EFS for all patients
were 34% (95% CI, 31% to 38%) and 27% (95% CI, 24% to 30%),
respectively (Fig 1). There were no significant differences in EFS be-
tween European and American groups. The 3-year EFS was 24% (95%
CI, 20% to 29%) for European groups and 29% (95% CI, 25% to
34%) for the American group.

The following pretreatment clinical characteristics were consid-
ered potential prognostic factors for 3-year EFS (Table 1): sex, age
(younger than age 1 year, 1 to 9 years, or 10 years or older), locore-
gional lymph node involvement (NO v N1), histology (alveolar v
non-alveolar), primary tumor site, presence or absence of bone or
bone marrow metastases, and number of metastastic sites.

Patients younger than 1 year or 10 years old or older had a lower
EFS than 1- to 9-year-old patients (25% and 15% v 36%; P < .0001).
Site of primary tumor had an impact on EFS: patients with primary
tumor localized in unfavorable sites (extremity and “other” sites) or
with no identifiable primary site had a 21% EFS versus 39% for
patients with orbital, head and neck, non-parameningeal, parameni-
ngeal, or genitourinary sites (P = .0002). EFS was significantly influ-
enced by histology, with a lower EFS for alveolar RMS (18% v 37%;
P = .0005). Regional node involvement negatively influenced EFS,
which was 24% for N1 patients, compared with 32% for NO patients
(P = .02). EFS was significantly related to the number of metastatic
sites present at the time of diagnosis. For patients with one or two
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Table 1. Patient Characteristics
3-Year EFS
Characteristic No. of Patients (%) SE Relative Risk of Event” Log-Rank Test (P)
Sex
Males 426 31 2.3 1 .04
Females 362 22 2.2 1.2
Age, years
=1 20 25 10 1.8 < .0001
19 422 37 2.3 1
=10 346 15 2.0 1.8
Primary site
Orbit 4 0 0 .02
Non-PM 32 48 9.1 1
PM 125 37 4.4 0.95
GU (bladder/prostate) 55 36 6.5 0.96
GU (non-bladder/prostate) 49 40 7.1 0.86
Limbs 240 20 2.6 1.25
Other 271 23 2.6 1.29
No primary 12 8 8
Primary site
Orbit/Non-PM/PM/GU 265 39 3 1 .0002
Limbs/other/no primary 523 21 1.5 1.4
Regional nodal status
No 282 32 2.8 1 .02
Yes 391 24 2.2 1.26
Unknown 115 25 4.1 1.33
Pathology
Nonalveolar 390 37 2.5 1 .0005
Alveolar 398 18 2.0 1.3
Bone marrow
No 483 34 2.2 1 <.0001
Yes 292 14 2.1 1.7
Unknown 13
Bones
No 512 32 2.1 1 < .0001
Yes 262 15 2.3 1.6
Unknown 14
Bones or bone marrow
No 370 37 25 1 <.0001
Yes 399 17 1.9 1.6
Unknown 19
Lung metastases
Lung only 145 42 4.2 1 < .0005
Outside the lung 643 24 1.7 1.5
No. of sites of metastases
=2 643 30 1.8 1 < .0001
=3 145 14 3.0 1.8
Period of treatment
Before 1991t 316 28 2.5 1.0 NS
After 1991 472 26 2.0 1
Abbreviations: EFS, event-free survival; PM, parameningeal; GU, genitourinary.
“The relative risk of an event is the ratio of observed events/expected events.
tInternational Society of Pediatric Oncology trials MMT84, MMT89, Intergroup Rhabdomyosarcoma Study Group trials Ill, and IV P.

metastatic sites at diagnosis, 3-year EFS was 30%, whereas it was 14%
for patients with three or more metastatic sites (P < .0001).

EFS was negatively influenced by metastatic disease in bone
marrow (14% v 34%; P < .0001), or bone (16% v 32%;
P < .0001). Given that the presence of bone metastases was
highly related to bone marrow involvement (P < .001), these
two metastatic areas were combined in a single category for
prognostic analysis. Patients with either bone or bone marrow

2386 © 2008 by American Society of Clinical Oncology

involvement had lower EFS than patients without either bone or
bone marrow metastases (17% v 37%j; P < .0001). Patients with
lung-only metastases fared better than patients with metastases
in any other sites, possibly associated with lung metastases (42%
v 24%; P < .0001). The other sites of metastases—Iliver, distant
nodes, and others—had no impact on EFS. The period of
treatment (before or after 1991) and the use of high-dose chem-
otherapy did not influence the outcome.

JOURNAL OF CLINICAL ONCOLOGY
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100 . === QOverall Survival
Event Free Survival
80 |
— 60
=X
40 +
34%
1 26%
20 27% Py
T T T T T T T T T d
0 1 2 3 4 5 6 7 8 9 10
Time (years)
No. at risk
= 788 581 350 237 191 165 141 118 96 77 64
788 462 246 190 166 148 130 111 92 74 62

Fig 1. Overall survival and event-free survival of all 788 patients.

Cox regression analysis could be performed in 769 patients with
complete data for all prognostic variables, confirming that several
factors were independently and significantly correlated with improved
EFS: favorable tumor sites (orbit, genitourinary, non—parameningeal,
and parameningeal head and neck), absence of bone or bone marrow
metastases, age between 1 and 9 years, and presence of two or fewer
metastatic sites (Table 2). Histology, regional nodal status, and metas-
tases to lungs only were not selected in the Cox model because these
factors were strongly dependent on the all other prognostic factors

Table 2. Cox Regression Model for Prognostic Factors on EFS: Multivariate
Analysis Adjusted on Continent (United States and Europe; n = 769)

Relative Log-Rank
Prognostic Factor Risk 95% ClI Test (P)
Age, years
Favorable 1-9 1
Unfavorable = 1 or = 10 1.6 1.4t01.9 < .0001
Site
Favorable
Orbit 1
Non-PM
PM
Bladder/prostate
Paratesticular/vagina
Unfavorable 1.4 1.2t01.7 .0003
Limbs
Other
Bone or bone marrow
involvement
No 1
Yes 1.4 1.11t01.6 .002
No. of metastatic sites
=2 1
=3 1.4 1.1t01.7 .003

Abbreviations: EFS, event-free survival, PM, parameningeal.

WWW.jco.org

(age, site of the primary, bone and bone marrow involvement, num-
ber of metastatic sites).

Because the relative risk of event for each of the four factors
identified by multivariate analysis was approximately 1.4 (range, 1.4 to
1.6), a prognostic score was devised with equal weighting, assigning a
value of 1 for each factor present at diagnosis. The overall score was
then applied to stratify patients into five groups on the basis of their
prognostic scores. Eleven percent of patients had a prognostic score of
0,31% had a score of 1, 30% had a score of 2, 19% had a score of 3, and
9% had a score of 4. EFS was significantly different across these groups:
50% at 3 years for patients without any of these four adverse factors
and was respectively 42%, 18%, 12%, and 5% in patients with 1, 2, 3,
or 4 factors (P < .0001; Fig 2).

The 12 patients with no identifiable primary tumor were classi-
fied as having a unfavorable primary site. Seven were 10 years or older.
They all had bone marrow involvement and all but two had bone
metastases. Eight had alveolar histology.

Two distinctly different prognostic subgroups were defined: pa-
tients with a prognostic score of < 1 represented 42% of the popula-
tion and had 44% EFS (95% CI, 38% to 49%) whereas patients with a
score > 2 represented 58% of the population and had 14% EFS (95%
CI, 11% to 18%; P < .0001; Fig 3). Similar analyses (univariate and
multivariate) were performed with overall survival as the end point
and showed similar results. Because EFS was more stable than OS
beyond 3 years, we elected to show the data for EFS.

By contrast with the outcome for children with localized tumors, the
prognosis of those with metastatic RMS has not substantially im-
proved during the last 20 years. Five-year survival remains between

No factor
=== 1 Factor
=== 2 factors
== 3 factors
= 4 factors

=
I
| 50 | [
P<.0001 I
T T T T T T T T T d
0 1 2 3 4 5 6 7 8 9 10
Time (years)
No. at risk
86 58 44 38 34 32 27 24 18 10 8
— 239 165 110 90 82 73 62 50 40 33 27
— 230 129 56 37 28 26 24 22 20 20 18
— 146 77 23 14 12 9 9 7 6 3 3
— 68 23 5 3 3 2 2 2 2 2 1

Fig 2. Event-free survival of patients according to number of unfavorable
prognostic factors. The relative risks of event are respectively 1, 1.02, 1.9, 2.3,
and 3.5.
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100—\ === < 1 Factor
> 2 Factors
80 1
—_— 60
=X
44% | 40%
40 +
|
20 A
14% 12%
T T T T T T T T T d
0 1 2 3 4 5 6 7 8 9 10
Time (years)
No. at risk
= 325 223 154 128 116 105 89 74 58 43 35
444 229 84 54 43 37 35 31 28 25 22

Fig 3. Event-free survival of patients according to risk score.

20% and 30% for the entire group,">”"'> despite a high response rate
to induction chemotherapy'"'>*>* and the introduction of intensi-
fied treatment such as high-dose chemotherapy with stem-cell sup-
port.'>1%292728 However, the factors that determine individual
outcome are still a matter of discussion. This study aimed to define
pretreatment characteristics which, when incorporated into a prog-
nostic score, could stratify patients into risk groups on which to base
treatment decisions. Patients with high risk of relapse and poor out-
come with conventional treatment could be identified for front-line
innovative therapies.

In the first three IRS studies (IRS-I, II, and III), children with
metastatic RMS had a 5-year disease-free survival of 20%, 27%, and
32%, respectively."®® Other studies have analyzed prognostic factors
in subsequent IRS trials. Sandler et al'' reported the results of patients
with metastatic disease treated in the IRS-IV pilot study, which in-
cluded a window phase of ifosfamide and doxorubicin, and found the
following favorable prognostic factors in univariate analysis: embryo-
nal histology, genitourinary primary site, and absence of nodal disease
and or bone marrow involvement. Breneman et al® analyzed pretreat-
ment risk factors among metastatic patients enrolled onto the main
IRS-IV study who were included in a window study incorporating
either ifosfamide and etoposide or vincristine and melphalan, each
followed by VAC. They identified several prognostic factors that neg-
atively influenced failure-free survival (FFS) by univariate analysis:
alveolar or undifferentiated histology, metastatic disease in distant
lymph nodes, and multiple metastatic sites. Bone involvement seemed
to negatively influence failure-free survival, though this value did not
reach statistical significance. According to multivariate analysis, the
only factor that correlated statistically significantly with improved FFS
was the presence of two or fewer metastatic sites. Although the influ-
ence of histology did not achieve statistical significance in multivariate
analysis, this study identified a subset of patients with embryonal
histology and two or fewer metastatic sites who had a 40% failure-free
survival.” Unexpectedly, this pooled analysis showed that histology
subtype, which is an important predictor of outcome among pa-

2388 © 2008 by American Society of Clinical Oncology

tients with nonmetastatic disease, is not an independent significant
determinant of FFS. Main reason for this is the tight correlation
with other prognostic factors (age, site of the primary, bone/bone
marrow involvement).

The proportion of patients with alveolar histology increased with
periods of the studies on both sides of the Atlantic Ocean (and in the
same proportion), and overall the proportion of patients with alveolar
histology was similar in Europe and in the United States (49% v 52%).
However, this change in the definition of histology with time does not
explain the absence of impact of histology, given that analyses were
performed after adjusting for the treatment period.

In both the European Intergroup Studies (MMT4-89 and
MMT4-91), univariate analysis identified the following unfavorable
prognostic factors for EFS: primary tumor in parameningeal, extrem-
ity, or other sites; age younger than 1 year and older than 9 years; bone
or bone marrow metastases; and multiple metastases and multiple
sites of metastases. Multivariate analysis identified unfavorable site,
bone or bone marrow involvement, and unfavorable age as indepen-
dently adverse factors.'” The analysis of 2343 patients treated from
1983 to 1997 in the IRS studies found that infants (< 1 year) have the
highest risk of treatment failure, followed by adolescents, and that age
is associated independently with outcome, even after accounting for
group, stage, and tumor histology.' These findings led to the propo-
sition that there were two subgroups with clearly different outcomes:
patients with fewer than two unfavorable factors, who had 5-year EFS
of 40%, and patients with two or more unfavorable factors, who had
5-year EFS of 7.5%."> The current study, which pooled the data from
the two European Intergroup studies with other studies, confirmed
these prognostic factors, except the parameningeal primaries, which
have a prognosis similar to other head and neck tumors. The larger
number of patients in the present analysis also identified another
prognostically independent factor—the number of metastatic sites.

In view of the poor survival of the patients with metastatic RMS
and the need for new chemotherapy strategies, the IRSG (and since
then, the Soft Tissue Sarcoma Committee of the Children’s Oncology
Group) have successively evaluated eight different new agents or new
agent combinations in phase II window studies in metastatic patients.
These data have recently been summarized by Lager et al.'” The data
show that observed response rates to two cycles of chemotherapy are
very encouraging, with response rates ranging from 41% to 55%, but
that the incorporation of agents evaluated in the window study into
subsequent standard therapy did not have any impact on OS. It is
clear, therefore, that early sensitivity to chemotherapy in patients with
metastatic RMS does not necessarily translate into cure.

The role of high-dose chemotherapy with stem-cell support on
ultimate outcome is still questionable, given that only three studies
incorporated high-dose chemotherapy in their design, and used dif-
ferent conditioning regimens for subset of patients in a nonrandom-
ized way.'>'*2° Other studies failed to show a benefit of this kind of
approach.””?®* A number of potential novel approaches are being
investigated in preclinical studies.

The observation that RMS cell lines express vascular endothelial
growth factor (VEGF) and that blocking VEGF receptor 1 antibody
inhibits VEGF signaling and delays RMS proliferation®>** has made
antiangiogenic treatment an attractive option. Observation of dys-
regulation of the mammalian target of rapamycin pathway’' and
expression of both epidermal growth factor receptor and erbB-2 in
RMS? suggest that molecularly targeted agents may have a future role

JOURNAL OF CLINICAL ONCOLOGY



in combination with chemotherapy. This kind of new approach is
urgently needed for patients who are identified as being at high risk of
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